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Drug testing for mitragynine and kratom: Analytical challenges
and medico-legal considerations
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“Department of Clinical Pharmacology, Mitragyna speciosa, known as kratom, is a tropical tree native to Southeast Asia that
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Sweden has long been used to increase energy and in traditional medicine. Kratom leaves
contain several indole alkaloids including mitragynine, mitraciliatine, speciogynine,
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Email: anders.helander@ki.se high-resolution mass-spectrometric (LC-HRMS) multi-analyte method for addictive

and herbal drugs in urine did not separate mitragynine from speciogynine and specio-
ciliatine. Separation and individual measurement of the four diastereomers was possi-
ble with an improved LC method. All diastereomers were detected in 29 patient
urine samples who tested positive for mitragynine with the routine method, albeit at
variable absolute amounts and relative proportions. The presence of all diastereo-
mers rather than individual substances indicated that they originated from the intake
of kratom (i.e., plant material). Speciociliatine dominated in most samples (66%),
whereas mitragynine and mitraciliatine were the highest in 17% each. A kratom prod-
uct (powdered plant material) marketed in Sweden contained all diastereomers with
mitragynine showing the highest level. In Sweden, there are signs of an increasing
use of kratom in society, based on the results from drug testing, the number of poi-
sons center consultations on intoxications, and customs seizure statistics. Because
there may be health risks associated with kratom use, including dependence, serious
adverse reactions, and death, analytical methods should be able to identify and quan-
tify all diastereomers. In Sweden, this is important from a legal perspective, as only
mitragynine is classified, whereas the other three diastereomers, and kratom (plant

material), are not.
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1 | INTRODUCTION
Plants within the genus Mitragyna have been used for hundreds of
years to increase energy and reduce fatigue and in traditional medi-
cine to treat a wide spectrum of ailments.! Mitragyna speciosa, com-
monly known as kratom, is a tropical tree native to Southeast Asia
that contains several indole alkaloids, of which mitragynine and its
potent metabolite 7-hydroxymitragynine are the most investigated.>®
Kratom leaves produce mild stimulant effects at low doses, whereas
moderate-to-high doses exhibit opioid-like analgesic and sedative
effects.*° The leaves may be chewed as they are, brewed into a tea,
or processed as powder. However, despite therapeutic potentials in
pain management,® possessing limited opioid adverse effects
(e.g., respiratory depression) and milder withdrawal symptoms com-
pared with morphine-like opioids, controlled research studies are lack-
ing, and there are no approved medical uses of kratom.”~1°

Over the past decades, use of kratom as a recreational drug and
self-medication herbal supplement has spread also in the Western
world,”1! with indications of further rises during the opioid crisis and
COVID-19 pandemic.'? People are using kratom, typically in powder,
capsule, or liquid form, as a substitute for illicit and prescription drugs,
or to manage opioid withdrawal symptoms, acute and chronic pain,
and mental health problems, or as an energy and mood booster possi-
bly linked to activity at serotonin receptors.'® Nevertheless, there are
safety concerns related to the use of kratom.* Large doses have been
reported to cause acute serious adverse effects (e.g., seizures and car-

1516 and long-term use severe liver injury.t”:18

diovascular effects)

Speciogynine

Speciociliatine

Deaths attributed to kratom alone, or as a contributing cause, have
been reported.?-2

Targeting the opioid receptor system, chronic frequent kratom
use may lead to the development of tolerance, dependence, and with-
drawal symptoms, indicating a need for control measures.® The regu-
lation of kratom and mitragynine varies around the world and
between countries in the EU.?? In the United States, efforts to make
kratom a scheduled drug at the federal level have failed, but there are
bans in some states and warnings have been issued.® In Sweden,
mitragynine was classified as a narcotic substance in 2011, whereas
kratom (i.e., crude plant materials), despite containing mitragynine, is
legal to possess but not to consume, process, or pack in portion doses.
Hence, kratom is sold on several websites but officially for the pro-
duction of soap, thereby mimicking the misleading marketing of new
psychoactive substances (NPS, “Internet drugs”) as bath salts and
plant fertilizers.2®

Another ambiguity is that the Swedish drug classification uses the
stereo-specific  definition of  mitragynine (i.e,  methyl(E)-
2-[(25,35,12bS)-3-ethyl-8-methoxy-1,2,3,4,6,7,12,12b-octa-hydroindole
[2,3-a]quinolizin-2-yl]-3-methoxyprop-2-enoate). However, besides
mitragynine, three other compounds with the same molecular formula
and connectivity, but different spatial arrangements at carbon-3,
carbon-15, and carbon-20 (i.e., diastereomers), are present in kratom:
mitraciliatine, speciogynine, and speciociliatine (Figure 1). Because only
one of the four diastereomers in kratom is covered by the Swedish drug
classification, this fact risks complicating the interpretation of analytical

results and legal prosecution.

Mitraciliatine

FIGURE 1 The chemical structures of
mitragynine and its three diastereomers that occur
in the plant Mitragyna speciosa. The diastereomers
differ in the configurational positioning at

O carbon-3, carbon-15, and carbon-20 (mitragynine:
SSS; speciogynine: SSR; speciociliatine: RSS; and
mitraciliatine: RSR). Absolute configuration:
R = rectus (right) and S = sinister (left).
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The present work was undertaken to study the appearance of mitra-

gynine and its diastereomers in urine samples submitted for drug testing.

2 | METHODS

2.1 | Materials and clinical samples

A certified reference material of mitragynine was obtained from

Chiron AS (Trondheim, Norway), and speciociliatine and speciogynine
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were from Cayman Chemical Co. (Ann Arbor, MI, USA). Mitraciliatine
was a kind gift from Dr. T. Arndt (Germany).2*

The patient urine samples (N = 29) used for this study were de-
identified surplus volumes of consecutive samples submitted for drug
testing to the Karolinska University Laboratory in Huddinge
(Stockholm, Sweden) and that tested positive for mitragynine with a
cutoff of 100 pg/L (there is no nationally harmonized cutoff). They
were collected consecutively from September 2021 until March 2022
and were first stored in a refrigerator for 2-3 weeks and then frozen

at —20°C, conditions where the substances are considered stable for
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FIGURE 2 Analytical results obtained with the gradient (shown in a) LC-HRMS method for measurement of mitragynine, speciogynine,
speciociliatine, and mitraciliatine. The same MS/MS ion transitions in positive mode (m/z 399.2278 - > 174.0914, 226.1438, and 238.1436) were
used to confirm the peak identity of all diastereomers in both calibrators and patient urine samples (a, inset), whereas quantitative estimation was
based on full-scan extracted ion chromatogram mode (m/z 399.2278). Chromatograms are shown for (a) a spiked calibrator solution (666 ug/L of
each), (b-e) examples of typical patient urine samples containing varying relative amounts of the four diastereomers, and (f) a commercial kratom
product (powdered leaves) sold by a Swedish online supplier for the production of soap. [Colour figure can be viewed at wileyonlinelibrary.com]
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long time.2> Using surplus volumes of de-identified routine samples
for method development does not require ethical approval.

Some samples had also been tested for the presence of other
drugs of abuse with routine methods.?® Urinary creatinine was deter-
mined by the routine Jaffe reaction on a Beckman Coulter DxC
700 AU instrument (quantification limit = 0.3 mmol/L).

2.2 | Routine LC-HRMS multi-analyte method for
addictive and herbal drugs in urine

Testing for mitragynine at the Karolinska University Laboratory is part
of a validated and accredited LC-HRMS multi-analyte method cur-
rently covering 18 less common drugs of abuse and plant-derived sub-
stances. The method uses dilution of urine with deuterated internal
standards and injection of 2 pl, as described in detail elsewhere.?®
However, with this method, the retention times for mitragynine, spe-
ciogynine, and speciociliatine were found to largely overlap, whereas
only mitraciliatine was separated (data not shown). It was therefore
necessary to modify the chromatographic system to enable individual

measurement of the diastereomers.

2.3 | Improved chromatographic system for
mitragynine diastereomers

Chromatographic separation of mitragynine, mitraciliatine, speciogy-
nine, and speciociliatine was achieved by methanol gradient elution
on a Triart C18 hybrid silica-based column (100 x 2.0 mm I.D., parti-
cle size 1.9 um, pore size 12 nm; YMC, Devens, MA, USA) kept at
60°C. The flow rate was 0.50 ml/min, and the injected sample volume
was 2 pl. Mobile phase A consisted of 10 mmol/I ammonium formate
and 0.005% formic acid in water (pH 4.8), and mobile phase B was the
same buffer but in methanol. The gradient was run as follows: 15% B
from O to 0.50 min, 15-50% B from 0.50 to 1.00 min, 50-53% B from
1.00 to 2.95 min, 53-95% B from 2.95 to 3.50 min, 95% B from 3.50
to 3.80 min, and then back to 15% B from 3.80 to 4.70 min
(Figure 2a).

The LC-HRMS system was a Dionex UltiMate 3000 HPLC and a
Q Exactive Orbitrap HRMS (Thermo Fisher Scientific) operated in pos-
itive mode, as described for the routine method.?® The same HRMS/
MS ion transitions (m/z 399.2278 - > 174.0914, 226.1438, and
238.1436) were used to confirm the peak identity of all four diaste-
reomers, both in calibrators, prepared by spiking drug-negative urine
samples with the reference materials, and in patient urine samples
(Figure 2a, inset). Acceptance criteria for a positive identification were
+ 3 ppm with reference to the theoretical (exact) mass, Gaussian peak
shape of analytes, and an absolute relative retention time versus cali-
brator within + 0.03 min.

Measurement of the four mitragynine diastereomers in patient
urine samples was done in full-scan extracted ion chromatogram
mode,2¢ by comparison with the urine calibrators for mitragynine, spe-
ciogynine, speciociliatine, and mitraciliatine. The quantification limit

was 1 pg/L (S/N > 10) for all diastereomers, and the method gener-
ated linear results (R > 0.999) up to at least 2000 pg/L.

3 | RESULTS

The improved LC-HRMS method allowed baseline separation of
mitragynine (retention time ~3.4 min), speciogynine (~3.6 min), spe-
ciociliatine (~3.7 min), and mitraciliatine (~4.0 min), and individual
measurement with a total analysis time of less than 5 min (Figure 2a).
All 29 patient urine samples testing positive for mitragynine (>100 pg/
L) with the routine method were confirmed by the improved separa-
tion method to contain mitragynine, but always also the other three
diastereomers. Typical examples of chromatograms of patient urine
samples are shown in Figure 2b-e. In addition, analysis of a kratom
product (powdered plant material) marketed in Sweden for the pro-
duction of soap revealed that it too contained all four diastereomers
with mitragynine showing the highest amount (Figure 2f).

The relative proportions of the diastereomers in the 29 patient urine
samples were highly variable. Speciociliatine dominated in most samples
(66%), whereas mitragynine and mitraciliatine were highest in 17% each.
Overall, mitragynine accounted for 5.5%-53% (range; mean 20%;
median 16%), mitraciliatine 18%-56% (32%; 30%), speciogynine 2.0%-
13% (6.7%,; 5.7%), and speciociliatine 4.6%-69% (41%; 40%) of the total
amount (Figure 3). The urine levels of the four diastereomers, expressed
both as absolute amounts and relative to the creatinine content, to com-
pensate for differences in urine dilution, are shown in Table 1.

Overall, the urine diastereomer levels showed significant positive
correlations with each other (R > 0.93, P < 0.0001) (Table S1). How-
ever, except for mitragynine and speciogynine for which also the rela-
tive amounts were positively correlated, the relative amounts of the

other diastereomer showed negative associations.
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FIGURE 3 Relative amounts of the four mitragynine

diastereomers in 29 consecutive patient urine samples submitted for
routine drug testing. In most cases (66%), the highest concentration
was observed for speciociliatine, whereas mitragynine and
mitraciliatine accounted for the highest amount in 17% each. [Colour
figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Measured levels of
mitragynine and its diastereomers in 29

Concentration (pg/L)

Concentration (pg/mmol creatinine)

patient urine samples submitted for Substance Range Mean Median Range Mean Median

routine drug testing Mitragynine 11-10079 2209 415 05-774 168 57
Mitraciliatine 55-12,039 2433 622 4.9-509 186 126
Speciogynine  4.0-3,700 766 150 0.2-277 58 19
Speciociliatine  19-14332 3086 802 09-711 248 223

4 | DISCUSSION

The high mass resolution offered by the Orbitrap HRMS technique
employed in this study provides accurate qualitative analytical infor-
mation. Nevertheless, because mitragynine and its three diastereo-
mers have identical exact mass and MS/MS transitions, they must be
chromatographically separated to enable individual identification and
quantification, which has been demonstrated for all diastereomers in
only a few previous studies.?*?” In the present study, this was
achieved within 5 min with an improved chromatographic separation
method, whereas in the routine multi-analyte method, mitragynine,
speciogynine, and speciociliatine were indistinguishable and together
formed a merged peak. The new method can be used as a qualitative
confirmation method for follow-up analysis of urine samples testing
positive for “mitragynine” with the routine method.

All 29 patient urine samples that had tested positive for mitragy-
nine by the routine method were confirmed by the improved separa-
tion method to contain mitragynine, which is the only classified
substance of the four diastereomers in Sweden. However, in eight
samples (28% of cases), the mitragynine level was indicated to be
lower than the 100 pg/L routine cutoff (range 11-78 pg/L). Accord-
ingly, as all samples were demonstrated to contain all four diastereo-
mers, the presence of the co-eluting speciogynine and speciociliatine
was the reason they had tested positive for mitragynine in the routine
analysis. It should be pointed out that there is no nationally agreed
cutoff limit for mitragynine.

The presence of all four mitragynine diastereomers in all patient
urine samples indicated that they originated from the intake of kratom
(i.e., plant material) rather than pure substances. The varying diastereo-
mer ratios agrees with reports that the alkaloid content in the leaves of
Mitragyna species differs considerably between plant strains, young and
old leaves of the same location, geographical and climate conditions,
and preparations of kratom products.?”~%° For example, the alkaloid
fraction of mitragynine has been reported to vary from about 66% in
Thai to only 12% in Malaysian strains. The present observation of nega-
tive relative associations between diastereomers, that is, one increases
at the expense of another and vice versa, indicated there are different
stereochemical metabolic routes in the plants.

At the laboratory, at least 80% of all patient samples testing pos-
itive for mitragynine (kratom use) in recent years have originated

from drug dependence and psychiatric treatment units, indicating a

relation to its opioid and/or stimulant properties.” In addition to
mitragynine, other psychoactive substances had sometimes been
tested for (35%-42% of a total of 92 mitragynine-positive samples
since 2020) and encountered, the most common being amphet-
amines (amphetamine or MDMA,; found in ~36% of cases), benzodi-
azepines (~29%), and cannabis (~21%), showing that kratom was
only one of many substances these patients were using. However, it
should be noted that most samples were not tested for the full panel
of drug substances.

There are several sources of information to indicate that the use
of kratom has increased in Sweden. At the Karolinska University labo-
ratory, the frequency of positive samples increased from <0.2% in
2016-2018 to 0.5%-0.7% in 2019-2022. Likewise, the number of
consultations about kratom poisonings to the Swedish Poisons Infor-
mation Centre has tripled in recent years (Johanna Grass, personal
information), and the Swedish customs seizures of kratom more than
doubled (by weight) from 2016 to 2018 (Jenny Aberg, personal infor-
mation). This highlights an increasing risk for adverse drug events
associated with kratom use, including intoxication, addiction, and
withdrawal symptoms.” Furthermore, there are indications that kra-
tom products have contained artificially elevated concentrations of
the potent metabolite 7-hydroxymitragynine.3* As some samples sub-
mitted for mitragynine testing in this study originated from maternity
units, it should also be noted that there have been cases with neonatal
abstinence syndrome among infants born to mothers who used kra-

tom during pregnancy.®?

5 | CONCLUSION

There are analytical challenges associated with the detection of kra-
tom use, as routine methods may focus solely on mitragynine and the
other three diastereomers are not covered or indistinguishable.?®> The
present results revealed that speciociliatine, rather than mitragynine,
occurred in the highest amount in most patient urine samples, but its
identification required the development of an improved chromato-
graphic separation method. Given the indications of an increased use
of kratom in society, and associated public health risks due to addic-
tion problems, serious adverse reactions, and even death, it is impor-
tant that there are accurate analytical methods that cover all

diastereomers. In Sweden, this is also important from a law
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enforcement perspective, as only mitragynine is a classified substance

while the other three diastereomers, and kratom (plant material), are

not. To facilitate legal prosecution, it would have been an advantage if

all four diastereomers had been treated equally.
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